Minimal stimulus parameters and the effects of hyperpolarization on the induction of long-term potentiation in the cat motor cortex.
The aim of the research program of which the present work is a part is to understand the neural mechanisms involved in motor learning and memory. One of the mechanisms postulated to be involved in this process is the induction of long-term potentiation (LTP) in the motor cortex. LTP can be induced in motor cortical neurons by tetanic stimulation of their afferents from the somatosensory cortex. In the present study, the effects of different stimulating parameters on the induction of LTP were examined, using in-vivo, intracellular recordings from anesthetized cats. The expression of LTP was documented by measuring the amplitude and rise-time of excitatory postsynaptic potentials (EPSPs) before and after tetanic stimulation. The minimal tetanic stimulation capable of systematically inducing LTP was found to consist of a train of stimuli at 50 Hz, 5 s. Shorter trains of stimulation produced only a short-lasting, transient potentiation. In different cells, identical stimulation parameters resulted in different degrees of potentiation of synaptic responses. Following all the stimulation trains examined, EPSP amplitudes were transiently depressed before reaching potentiated levels. The duration of this depression was directly correlated with the duration and the frequency of the tetanic stimulation. In all the cells in which LTP was induced, the variability in the amplitudes of potentiated EPSP was significantly greater than that of control EPSP amplitudes. Hyperpolarization of the postsynaptic cell, during the delivery of the tetanic stimulation, inhibited the induction of LTP. These phenomena are discussed in relation to the postulated mechanisms of LTP induction in the cortex.